Optical sensor techniques have recently been developed, which allow for the investigation of biomolecular interaction in real time. These techniques rely on the detection of changes in refractive index as ligate binds to a ligand, which is immobilized on a sensor surface. Examples of optical sensor techniques include surface plasmon resonance (3, 4) and the resonant mirror (1, 2) .
The application of these systems for the investigation of protein -protein interactions necessitates the immobilization of one of the binding partners to the sensor surface. During this procedure, the binding activity of the protein should be retained. However, the latter could be reduced to a certain extent if the ligand is immobilized directly because immobilization can block the binding site or induce conformational changes of the protein. To overcome this problem, indirect immobilization strategies have been used, i.e., avidin covalently bound to the sensor matrix was used to capture biotin-labeled ligands (1).
Here we describe an efficient method for the investigation of a protein ligate binding to a recombinant glutathione S-transferase (GST) fusion protein using the resonant mirror technique. Since the direct immobilization of the GST-fusion protein phosphoinositide 3-kinase γ (GST-PI3Kγ ) to a carboxymethyl dextran (CMD) matrix resulted in an almost complete loss of its binding activity to added ligate Ras, we developed a novel indirect immobilization procedure. We show that glutathione (GSH), only when immobilized by a 6-carbon spacer, captures GST-PI3Kγ efficiently and retains its binding activity. Under these conditions, specific binding of Ras to GST-PI3Kγ could be observed.
The study was performed on the interaction analysis system, IAsys ™,
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from Affinity Sensors, Cambridge, England, UK (2). Recombinant PI3Kγ was expressed as a GST fusion protein in the baculovirus/Sf9 cell system and purified by GSH-Sepharose ® affinity chromatography (6) . The coupling kit and CMD cuvettes were supplied by Affinity Sensors (2) and GSH and 6-aminohexanoic acid (6-AHA) by Sigma Chemical, Deisenhofen, Germany.
If not reported otherwise, all immobilizations were carried out following a standard carbodiimide immobilization protocol (2). GST-PI3Kγ was first immobilized directly in 100 µ L 10 mM acetate buffer (pH 4.5) at a concentration of 100 µ g/mL. After subsequent addition of either GTP-or GDP-loaded Ras in binding buffer (20 mM phosphate, 2 mM MgCl 2 , 0.1% Triton ® X-100), no significant binding signal could be observed.
In a second set of experiments, we tried to utilize the interaction of the GST tag with GSH for the indirect coupling of GST-PI3Kγ to the matrix. The immobilization of GSH to the CMD matrix was performed either directly or by the spacer 6-aminohexanoic acid (6-AHA). A carboxymethyl dextran IAsys cuvette was equilibrated in phosphatebuffered saline (PBS) and 0.05% Tween ® 20 and was then activated with a mixture of carbodiimide(EDC)/N-hydroxy succinimide (NHS) for 7 min. After washing with PBS/Tween, GSH was immobilized at 100 µ g/mL at pH 4.0 for 10 min. Finally, the surface was blocked with 1 M ethanolamine, pH 8.5, for 2 min before re-equilibration in PBS/Tween.
To ensure efficient activation of the majority of the carboxyl groups within the carboxymethyl dextran IAsys cuvette, four successive activation cycles with EDC and NHS were performed. After washing with PBS/Tween, the 6-AHA was immobilized at 10 mg/mL at pH 7.0 for 10 min. Following blocking with ethanolamine as above, the cuvette was activated two times more with EDC and NHS to activate the carboxyl groups introduced with the 6-AHA. After this activation stage, the GSH was immobilized at 10 mg/mL at pH 7.0 followed by a final ethanolamine blocking.
Following binding of GSH, immobilization of GST-PI3Kγ was performed in 100 µ L PBS/Tween at 0.5 µ g/ µ L protein concentration. No detectable dissociation of bound PI3Kγ was observed after extensive washings with the same buffer containing 0.5 M NaCl or 1% Triton X-100. After immobilization of PI3Kγ , the buffer was changed to 20 mM phosphate, 2 mM MgCl 2 and 0.1% Triton X-100. Wild-type H-Ras was pre-loaded with either GDP or GTP and added to the immobilized GST-PI3Kγ at a final concentration of 1 µ M. Real time assay of Ras binding was performed at 25°C according to the IAsys manufacturer's protocol.
While investigating protein ligands for human PI3Kγ (6), we recently discovered a GTP-dependent binding of the small GTPase Ras to the recombinant enzyme. To confirm these data by a direct binding assay, we used the resonant mirror technique. Several approaches for the coupling of GST-PI3Kγ to the CMD matrix were applied and then the ability of each particular surface for binding Ras was studied (Table 1) . Additionally, the interaction of GST-PI3Kγwith GSH-coated cuvettes was investigated. With GSH immobilized directly, no binding to the CMD surface was observed. Using GSH immobilized by 6-AHA, it was possible to capture GST-PI3Kγ (Table 1) .
A significant association of the ligate Ras to GST-PI3Kγcould only be observed when the ligand was captured by GSH immobilized by 6-AHA (Figure 1) . The interaction of the enzyme with Ras depends strictly on the loading of the protein with GTP indicating In summary, the resonant mirror technique offers a simple and efficient method for the direct real-time investigation of the association of GST-PI3Kγ with ligates, if the protein is bound indirectly by GSH to the matrix. We expect that this method could be exploited for the analysis of the interaction of other GST fusion proteins with their binding partners as well.
